Summary. Testicular weight in young male blue foxes increased steadily from 12 weeks of age ( 0\ m=. \ 4\ p=n-\ 0\ m=. \ 7g) to 
Introduction
The blue fox is a seasonal breeder with one mating season during the year in March-April. Adult males show 5-fold annual changes in testicular volume with concurrent variations in spermatogenic activity which have been quantified by DNA flow cytometry and testicular histology (Smith et al, 1986) . Furthermore, seasonal variations occur in a wide range of plasma hormones including LH, prolactin and androgens, and in testicular FSH-binding capacity (Smith et al, 1985) . Testicular redevelopment takes place over a 5-6-month period before each mating season. Limited histological and ultrastructural investigations have been performed on the semini¬ ferous epithelium and interstitium of prepubertal blue fox testes (Andersen, 1978a, b, c; Andersen et al, 1981) but no further accounts appear to be available. Males are assumed to be fully sexually mature in their first mating season when they are about 9 months old, but there are few reports in the literature on the age of puberty in these animals.
Testicular cytosol in, among other species, the blue fox, rat and man contains a Mn2 + -dependent adenylate cyclase (MnAC) believed to be associated primarily with maturing haploid cells (Gordeladze et al, 1981 (Gordeladze et al, , 1982 . The role of this enzyme is poorly understood, but it may be a precursor of the membrane-bound MnAC associated with spermatozoa (Braun & Dods, 1975) and may be involved in sperm motility (Garbers & Kopf, 1980) . Annual variations in testicular content of the enzyme in the adult male blue fox follow closely the presence of haploid cells in the testis .
The aims of the present study were to investigate the sexual cycle of young blue fox males during the first year of life and to compare this with the annual cycle in adult males which we have previously studied. Quantitative analysis of spermatogenic activity. Midline sections of each testis were fixed for 24 h in Bouin's solution. The material was then stored in 70% ethanol until preparation for routine sectioning at 4 pm and staining with haematoxylin and eosin.
Sections of testis from each fox were examined by light microscopy and 200 cross-sections of tubules per fox were classified into four categories according to the cellular composition of the seminiferous epithelium. The categories were the presence of (1) spermatogonia only, (2) spermatogonia and primary spermatocytes, (3) spermatogonia, spermatocytes and round spermatids and (4) spermatogonia, spermatocytes and elongated spermatids, with or with¬ out round spermatids. The normal seasonal variations in the occurrence of these categories in adult male blue foxes have been described elsewhere (Smith et a!, 1986 (l-4mM) and an ATP-regenerating system providing 002mg myokinase/ml, 0-2mg creatine kinase/ml and 20 mM-creatine phosphate. The mixtures were incubated at 35°C for 20 min and the assay terminated by adding 100 µ of a "Stop solution" containing cAMP (10 mM), ATP (40 mM) and sodium dodecyl sulphate (1 %), mixing and immersing the tubes in ice. The reaction mixtures were stored at -20°C until successive elution through Dowex 50-X4 and alumina oxide columns to isolate cAMP. The final eluates (4 ml) were added to scintillation fluid (5 ml) and counted for 10 min.
Activities (means of duplicate determinations) were multiplied by mean testicular weight for each fox to give values for activity per testis.
Blood collection. The males were sampled before castration by using manual restraint 7 times at 20-min intervals between 09:00 and 11:20 h. In addition, 4 intact males were sampled using the same regimen on the same dates, but these were also given a rapid intravenous injection of 1 pg gonadotrophin-releasing hormone (Nialutin: Novo Industry, Oslo, Norway) immediately after the second blood sample.
All blood samples (5-10 ml) were collected in heparinized tubes. Plasma was separated by centrifugation and stored at -20°C until assay.
Hormone assays. Blood samples were analysed for LH and testosterone using the specific radioimmunoassays previously described and validated for use in the blue fox by M0ller et a! (1984) . For the LH assay, the sensitivity was 0-5 ng/ml and the intra-and inter-assay coefficients of variation were 20% and 4-9%, respectively. The corresponding values for the testosterone assay were 20 pg/ml, 4-9% and 11-7%, respectively. Plasma concentrations of FSH were measured by a heterologous radioimmunoassay (unpublished data). This assay utilized an anti-human FSH antiserum (M91/1) donated by A. S. McNeilly, a purified canine FSH preparation (LER-1685-3A) as reference standard and a highly purified ovine FSH (LER-1976-A2) for iodination as tracer, provided by L. E. Reichert. The mean detection limit was 20 ng/ml and the intra-and inter-assay coefficients of variation were 60% and 10-6%, respectively. All serial samples from the same animal were measured in duplicate in one assay.
Presentation ofresults. All values are expressed as mean ± s.e.m. For statistical purposes, independent means were examined by Student's t test. The total amounts of LH and testosterone produced during the sampling periods were assessed by calculating the areas under the release curves; in the LHRH stimulation tests, hormone release after injection of LHRH was calculated.
Results

Testicular weight
The testicular weights of the males in the study are shown in Fig. 1 significantly (P < 001) higher than those observed 1 year previously at 12 weeks of age (0-4-0-7 g).
Age-dependent changes in the histological appearance of the seminiferous tubules Figure 2 shows the histological appearance of the testis on each castration date. The changes in cellular composition of the seminiferous epithelium are depicted in Fig. 3(a) Fig. 4 for the 31 foxes for which results were available. Activity was low during the first autumn of life (August-November: 15-334 nmol/testis.min). Values then, however, rose rapidly to reach a peak at the time of the mating season (March-April: 4-3-5-8 µ /testis.min), before falling again dramatically to reach basal levels at the beginning of June. This activity was maintained until the end of the study in August (June-August: 20-676 nmol/testis.min). Specific activity of the enzyme (not shown) also varied greatly during the study period (1-4-18, 52-8-72T and 0-9-16-3 (Smith et al, 1986 ). The first appearance of haploid cells in November and their subsequent disappearance during June coincided with the histological findings on the same dates (Figs 3a & b) . Likewise, the rise in tetraploid cell numbers in NovemberDecember mirrored the histological results. Primary spermatocytes (which are believed to consti¬ tute the majority of tetraploid cells) were not observed histologically until October, but DNA flow cytometry registered small numbers of tetraploid cells from the onset of the study. This discrepancy is probably due to the presence of tetraploid spermatogonia.
The decline in the absolute numbers of diploid and tetraploid cells observed from December (Fig. 3b ) was unexpected and differs from the situation in adult males . One possible explanation is that the mitotic divisions during testicular development lead to an accumu¬ lation of spermatogonia and primary spermatocytes before the first meiotic division begins. Apart from this, the onset of spermatogenesis in adult and immature males appears to be very similar. The increase in the haploid cell population coincides with the increase in testicular weight (Fig. 1) and activity of the soluble 2 + -dependent adenylate cyclase (Fig. 4) at the onset of the mating season, as previously observed in adult blue fox males . The 14-fold variation in total testicular activity of the adenylate cyclase enzyme was not solely due to the seasonal changes in testicular weight; specific activity of the enzyme also varied markedly during the study. Both the testicular content of the enzyme and the seasonal changes in enzyme activity noted in the present study were very similar to those previously observed in adult blue foxes studied over a 1-year period . The role of the 2 +-dependent adenylate cyclase in haploid germ cells is still unclear but cyclic nucleotides, in particular cAMP, are believed to be involved in many aspects of cell function, including sperm metabolism and acquisition of sperm motility (for review see Sanborn et al, 1980) . In studies on testicular biopsies from necrospermic and azoospermic men (Gordeladze et al, 1982) and from cryptorchid boys (Läckgren et al, 1984) (Smith et al, 1986) , with large individual differences in the degree of regression in June. An interesting and unexplained finding was the increase in cellularity of the interstitial tissue in some parts of the testis from July to August (Fig. 2) (Smith et al, 1985 (Smith et al, , 1987 unpublished data (Lee et al, 1976) and human (Boyar et al, 1972 ) during puberty. An LH response to LHRH injection is clearly established early in puberty, well before the full development of a corresponding testosterone response (Fig. 6) , as is also the case in adult males (Smith et al, 
